Hypomotility is a common symptom of gallstone disease, which is accompanied by a loss of interstitial Cajal-like cells (ICLCs) in the gallbladder. Ursodeoxycholic acid (UDCA) is widely used in treating gallstone disease, and has shown anti-apoptotic and antieffects of UDCA on ICLCs in guinea pigs with gallstones. Guinea pigs were fed a high-cholesterol diet for 8 weeks to induce the formation of gallstones. A group of animals was administered UDCA (50 mg·kg -1 ·d -1 , ig) simultaneously. At the end of 8 weeks, the animals were euthanized with anesthesia, cholecystectomy was performed immediately and gallbladder was collected for further analysis. We showed that in the model group the contractility of gallbladder muscle strips in response to both acetylcholine (ACh) and
Introduction
Gallstones are mainly composed of cholesterol or pigments, and only patients with symptoms or complications are considered to have gallstone disease from a clinical perspective. These symptoms include abdominal pain, cholecystitis or obstructive jaundice. Based on a systematic review of gallstone disease [1] , 10%-20% population of adults have gallstones, and over 20% of these patients will develop symptoms during their lifetime. Gallbladder hypomotility is an early event in gallstone disease and is presumed to be a "trigger" that promotes stone formation. Dysfunction of gallbladder motility is believed to increase the transit time of supersaturated bile and permits cholesterol crystallization and continue growth. Thus, improving gallbladder motility may be an effective strategy to prevent gallstone disease.
Interstitial Cajal-like cells (ICLCs) were found to be distributed throughout the gallbladder and bile duct and play an important role in regulating gallbladder contraction [2, 3] . As its name implies, ICLCs have similar morphological and immunologic characteristics with the interstitial cells of Cajal (ICCs) that are located in the gastrointestinal tract [4] . Both ICLCs and ICCs express c-kit on their cell membranes, providing an ideal biomarker to label these cells. Physiological research has found that ICCs have several important functions in modulating gastrointestinal motility. ICCs can generate and propagate spontaneous electronic slow waves to promote lumen peristalsis and mediate neuronal transmitter signaling from motor neurons to smooth muscle cells [5] . Further research has found that the ICLCs in the gallbladder may play a similar and important role in gallbladder emptying. A prior study found that patients with cholelithiasis have a significantly lower density of ICLCs in the gallbladder, indicating that the loss of ICLCs may contribute to gallbladder hypomotility and gallstone formation, providing a promising therapeutic target for gallstone disease [6] [7] [8] . Meanwhile, ursodeoxycholic acid (UDCA) is widely used in treating gallstone disease. Apart from its cholesterolmodulating effect, UDCA has been reported to have antiinflammatory and anti-apoptotic effects [9] . Clinical studies have also provided convincing evidence of this finding. UDCA was reported to clinically reduce the incidence of biliary pain and acute cholecystitis in patients with symptomatic gallstones according to an 18-year follow-up study [10] . In addition, a diminished number of activated macrophages was accompanied by reduced expression of COX-2 in the gallbladder muscle layer in UDCA-treated patients compared to the placebo-treated group [11] . However, whether UDCA can protect ICLCs in gallbladder disease is still unclear. In this present study, we discuss the relationship between ICLCs in the gallbladder and the anti-apoptotic and anti-inflammatory effects of UDCA associated with the underlying mechanism governing motility in the gallbladder.
Materials and methods

Animal protocol
Twenty-one male Hartley guinea pigs (250 to 300 g, purchased from Beijing Vital River Laboratory Animal Technology Co, Ltd, a member of Charles River Laboratories in China. License No: SCXK 2012-0001) were randomly divided into the control, model and UDCA groups after an adaptive feed for 5 d. All animals were given tap water ad libitum and were housed in a 12-h light-dark cycle CV environment. In the control group, regular chow was supplied (cholesterol <0.01%). In the model and UDCA groups, a lithogenic diet containing 2% cholesterol and 5% sucrose and 2% fat (Beijing Huafukang Bioscience Co Inc) was administered. UDCA (Losan Pharma, Germany) was administered daily by gavage with a dose of 50 mg/kg and, for the control group, an equal volume of solvent was administered. At the end of 8 weeks, all animals were euthanized with anesthesia, and a cholecystectomy was performed immediately after for further analysis ( Figure 1A ).
This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals. The animal use protocol has been approved by the Institutional Animal Care and Use Committee of Peking Union Medical College.
TUNEL staining was used to detect apoptotic cells, and immu--affinized sections were incubated in a citrate buffer solution for 10 min in a microwave oven for antigen retrieval, and the sample was cooled to room temperature. To increase the penetration of the dyes, the sections were treated with 0.2% were blocked by 5% bull serum albumin. The primary antichamber overnight at 4 °C. After rinsing in PBS, the secondary antibody with a 1:250 dilution in PBS (Cy3-labeled goat antirabbit IgG, Beyotime Biotechnology) was incubated at room temperature for 2 h. The TUNEL apoptosis assay kit (Roche Diagnostics, Swissland) was performed according to the manufacturer's instructions. After rinsing in PBS, the sections were examined under a confocal laser scanning microscope (Carl Zeiss LSM800, Germany). The image assay was performed using Image-Pro Plus software (Media Cybernetics, MD, USA).
Contraction response test
After the gallbladder was removed, gallstone formation was examined with the naked eye, and the total number of gallstones in each group was recorded. To test the contraction response of the gallbladder wall in the presence of excitatory neurotransmitters, muscle strips were longitudinally fixed into 8 mm in length and 3 mm in width in an iced PBS solution. After the mucosa layer was carefully removed under a dissecting microscope, the strips were bathed in Kreb's solution containing the following components (mmol/L): NaCl 116.6, KCl 3.4, NaHCO 3 21.9, NaH 2 PO 4 1.2, CaCl 2 2.5, MgCl 2 1.2 and glucose 5.4 and gassed with 95% O 2 :5% CO 2 and maintained at 37 °C. The initial resting tension was adjusted to 1 g during the one-hour equilibration period before different concentrations of CCK-8 or ACh were added into the tanks.
log-10 mol/L to log-6 mol/L, and ACh ranged from log-8 mol/L to log-4 mol/L. A multichannel transducer record system (BIOPAC Systems Inc, USA) was utilized to monitor the changes in tonic contraction.
Protein lysates from gallbladder tissues were extracted using the RIPA lysis buffer, and the protein concentrations were measured using a BCA protein assay kit (Beyotime Biotechnology). Samples were run on SDS-polyacrylamide gel electrophoresis and transferred onto PVDF membranes. All unconjugated sites on the membranes were blocked with 3% BSA in Tris-buffer saline. The membranes were then incubated at 4 °C overnight with the Bax, Bcl-2, Caspase8 and Caspase3 primary antibodies. After rinsing with PBST, the membranes were incubated with secondary antibody (HRP-labeled goat antirabbit IgG 1:5000 or HRP-labeled goat anti-mouse 1:5000) for 2 h at room temperature and were then processed for exposure. assay software (Bio-Rad Co, CA, USA). All primary antibodies used in this study are listed in Table 1 .
Real-time PCR
After gallbladder tissues were frozen in liquid nitrogen, the total RNA was extracted by using the Trizol reagent (Invitrogen, CA, USA). Total RNA was then reverse transcribed using the cDNA synthesis kit (Takara Bio Inc, Beijing, China) to obtain cDNA samples according to the manufacturer's instruc--keeping gene were synthesized (Tsingke, Beijing, China) and using the qPCR Supermix kit (Transgene Biotech, Beijing, China) and was detected on ABI Prism 7900 (Applied Biosystems, CA, USA). The relative expression levels of mRNAs internal control gene for normalization.
cut at 5 μm in thickness using a rotary microtome, and a standard H&E stain was performed. Slices were examined and captured on a microscope system (Eclipse Ni-U, Nikon Instruments Inc, Tokyo, Japan).
Statistical analysis
All data were expressed as the mean±SD. One-way analysis of variance (ANOVA) was conducted using Prism 5.0 software (GraphPad, San Diego, USA) in all tests, and a P value of 0.05
Results
Gallstones formation was analyzed and calculated after the gallbladders were removed. The bile was muddy and brown, and 6 out of 7 guinea pigs formed gallstones with a total number of 10 in the model group ( Figure 1C, 1D) . In contrast, no gallstones were observed in the control group. Two out of 7 guinea pigs developed gallstones with a total number of 3 in the UDCA group. The rates of gallstone formation in the control, model, and UDCA groups were 0%, 85.7% and 23.6%, respectively ( Figure 1B ).
Sections were obtained from 3 individual animals per group. For each section, 5 random fields were chosen. In general, most c-kit-positive cells were distributed in the muscular layer and had fusiform to oval shapes (Figure 2A) . We calculated the number of c-kit-positive cells and dual-positive cells in cross-sections. There were fewer c-kit-positive cells that were observed in the model group (P<0.05 vs control group), and a slight increase was detected in the UDCA group, but the ratio of dual-positive cells to c-kit-positive cells represented increased apoptotic ratio in ICLCs in the model group (P<0.01 vs control group). However, in the UDCA group, the ratio was P<0.01 vs model group) ( Figure 2C ).
All muscle strips showed a dose-dependent increase in tonic -ing was remarkably reduced in the model group (P<0.01 or P<0.001, control vs model). Of note, the tonic contraction in the UDCA group was restored at every concentration of ACh and CCK-8 (P<0.05 or P<0.01, model vs UDCA) (Figure 3 ).
Western blotting analyses showed no expression of Bax in the control group. Bax was notably increased in the model group and down-regulated in the UDCA group. The expression of Bcl-2 did not change among the different groups ( Figure 4A ). As a result, the ratio of Bax to Bcl-2 in the model group and in the UDCA group was increased by 2.54±0.45 and 1.27±0.25 fold, respectively, compared to the control group ( Figure 4D ). The expression of cleaved Caspase8 and its downstream effecgroup (P<0.01, model vs control), while there was reduced expression of these proteins in the UDCA group (P<0.01, UDCA vs model) ( Figure 4B and 4C) . Real-time PCR results - cantly increased in the model group (P<0.001, model vs vehicle control), whereas the levels returned to baseline in the UDCA group (P<0.001, UDCA vs model) ( Figure 4E ).
The high-cholesterol diet significantly down-regulated the mRNA expression of c-kit and SCF in the gallbladder wall Figure 5 ).
in the model group. Specifically, when compared to the control group, more inflammatory cells infiltrated the muscular layer and the mucous layer in the model group. However, UDCA had an anti-inflammatory effect on the gallbladder wall and reduced the number of inflammatory cells in the muscular and mucous layers of the gallbladder ( Figure 6 ).
Discussion
Interstitial cells of Cajal (ICCs) in the GI tract were first described over 100 years ago by the Spanish neuroscientist Cajal [12] . Later, physiologists found other types of interstitial cells with morphological and immunologic characteristics similar to those of ICCs and named them interstitial Cajallike cells (ICLCs). These cells are distributed in a variety of locations. Most are located in the cavitary organs, including the bladder, male and female reproductive systems, gallbladder and bile ducts, urinary tract, pancreas, and even in the heart (at the junction between the pulmonary vein and the left [13] [14] [15] [16] [17] .
Today, ICCs and ICLCs are known as the pacemaker cells that generate and propagate slow wave potentials to promote smooth muscle contraction [18] . A lack of ICCs is now becoming a well-known pathology that underlies the motor dysfunction in the GI tract. In several studies conducted on ICCs, ultrastructural images showed either smooth muscle cells and ICCs or the ICCs itself that were electronically coupled by forming gap junctions, and close contact (less than 20 nm) between the ICCs and the varicosities of motor neurons were found. In the W/W V c-kit mutant mice, the slow wave potentials are absent, and the postjunctional response to stimulation of enteric motor neurons was defective. Additionally, other studies have found excitatory and inhibitory receptors expressed in the membranes of ICCs, indicating the possible role of ICCs in neurotransmission [5] . SCF/c-kit signaling is vital to ICCs and was highlighted in research on ICCs. c-kit is a type of tyrosine kinase receptor that is located in the membranes of ICCs and regulates several important proteins, such as phosphatidylino--pholipase D, SRC family kinases, p21ras GTPase-activating protein and mitogen-activated protein kinase (MAPK) [19] . Although studies in this field mainly focus on the ICCs in the GI tract, several in vitro studies have discussed the importance of ICLCs in the gallbladder. Morphological and physigallbladder in human and mouse and guinea pigs [2, 20, 21] , and the loss of ICLCs in the gallbladder is related to a hypomo-tility disorder [6] . However, the functional role of ICLCs in the gallbladder is still rather unclear. A study reported that the CCK-A receptor is expressed in ICLCs. The contraction response of ICLCs-deprived muscle strips was significantly reduced in response to exogenous CCK-8, implying that the ICLCs in the gallbladder could mediate the excitatory input of CCK [22] . However, whether ICLCs also mediate other neurotransmitters related to gallbladder emptying, such as acetylcholine, adrenaline, substance P or vasoactive intestinal peptide, is unknown. In this study, we found the contraction response of gallbladder strips to ACh was largely suppressed in the model group. Therefore, in future studies, determinexert an impaired contraction to ACh, similar to what has been [23] . The causes of ICLC loss can be complicated, as inflammation can be a key factor that leads to the apoptosis of ICLCs. An in vitro study found that the apoptotic rate of ICLCs significant increased after co-culture with isolated neutrophils from guinea pigs that were subjected to bile duct ligation [24] . In the present study, we observed similar results in which an in the model group. The expression of c-kit was down-regulated, and the loss of ICLCs may be due to the activation of the -ing factor, can bind to its TNFR1 receptor and cleave proCaspase8 into activated Caspase8 and activate pro-Caspase3 that leads to cell death. The ratio of Bax to Bcl-2 can be a reliable indicator to monitor cell apoptosis. An increased Bax to Bcl-2 ratio suggests that apoptosis has been initiated, while a reduced ratio suggests that apoptosis has been inhibited.
UDCA has been used clinically to dissolve stones and to protect the liver by inhibiting cholesterol absorption from the intestine and prevent cholesterol secretion into bile. UDCA also functions to neutralize toxic hydrophobic bile acids. A previous study found that, after treatment with UDCA for 4 weeks, the gallbladder muscle cells isolated from patients with cholesterol gallstones had significantly lower levels of oxidative stress and inflammation and restored the contractility of smooth muscle cells as well [25] . Another study found a diminished number of activated macrophages with cholesterol gallstones after treatment with UDCA for 30 days [11] . In the present study, we also show that UDCA gallbladder wall in guinea pigs fed a high-cholesterol diet. All effects that are independent of their ability to dissolve or neutralize gallstones. The glucocorticoid-like structure of UDCA may contribute to this anti-inflammatory effect, as UDCA has been reported to bind to the glucocorticoid nuclear receptor and induce mild activation [26] . In the present study, we describe the anti-apoptotic effect of UDCA on ICLCs that may partially contribute to the improvement of gallbladder motility. However, the pathogenesis of motor deficits may include multiple factors. Here, we propose a hypothesis to explain the pathogenic role of supersaturated bile and the therapeutic role of UDCA. First, UDCA can decrease cholesterol concentration, bile viscosity and sedimentable fractions, which can be represented by a lower cholesterol saturation index (CSI) [27] . High levels of cholesterol in supersaturated bile can infiltrate through the epithelial cells and convert to cholesteryl esters, which decreases the fluidity of the smooth muscle cell membrane [28] and blocks cholecystokinin 1 receptor signaling [29] . Meanwhile, SCF/c-kit signaling is indispensable to maintain the normal function of pace-making and the survival of ICLCs [30] . The cholesterol-scavenge effect of UDCA from the cell membrane may thus enhance the robustness of the network of ICLCs. Lastly, supersaturated bile and hydrophobic bile acids can promote inflammation cascade to induce cell apoptosis. We show in this study that this pathway. Taken together, our findings provide a new perspective on understanding the comprehensive effect of UDCA on gallstone disease.
